OBJECTIVE: To evaluate whether a single national reference is appropriate for assessing prevalence of overweight in heterogeneous populations, or whether ethnic-speci®c references are needed. DESIGN: A population-based study of Israeli Jewish males who underwent routine physical and clinical examinations prior to army recruitment served as the basis for the development of two types of references for body mass index (BMI): a national reference (NR) and an ethnic-speci®c reference (ER). SUBJECTS: Consecutive cohorts of all 17-y-old Jewish male recruits (n 109, 570). MEASUREMENTS: Weight, height and blood pressure values were obtained. BMI was calculated, and the 85th percentile of BMI was used as a cut-off point for overweight, using both types of references. Prevalence of hypertension among recruits was used as a biomarker to support the reliability of the ER when discrepancy in classi®cation between the two references was found. RESULTS: As compared to the NR, three ethnic groups had a BMI distribution shifted to the left (light subpopulation) and ®ve were shifted to the right (heavy sub-population). In the light sub-population, 7% of the inductees who were classi®ed as having normal weight by the NR were considered overweight by the ER and had a hypertension rate similar to that of those de®ned as overweight by both references (3.1 per 1000). In the heavy sub-population the 4% of subjects who were overweight by NR and normal by ER had hypertension rates similar to those de®ned as normal weight by both references (2.7a1000), and signi®cantly lower than that of those classi®ed as overweight by both references (10.8a1000). CONCLUSION: In heterogeneous populations, ethnic references should be used to evaluate prevalence of overweight, rather than one national reference.
Introduction
Weight and height vary among populations and races, 1 and distinct ethnic sub-populations within a country may differ considerably. As early as 1952, Kemsley compared average weights in the United States, Britain and Japan, showing that at the same height and age, Britons and Japanese tend to be lighter than Americans. 2 More recently, Yanai et al reported that the prevalence of obesity in Japanese young populations needed to be estimated using ethnicspeci®c body mass index (BMI) values, rather than using those drawn from Caucasians, who tend to have a higher BMI in each age group. 3 In Brazil, local 17-y-old boys were found to be up to 10 kg leaner, compared with their peers in the US. 4 In Australia it was reported that using the NHANES 95th percentile cut-off point would misclassify 3.5% of 14-y-olds as overweight. 5 Limited information is available regarding the desirable body weight of different sub-populations within a single country. 4, 6, 7 In the US, a comparison of BMI among Puerto Ricans, Blacks, Whites and Asians living in the New York City area shows that Puerto Ricans had the highest BMI, while Asians had the lowest. 6 Data from the National Study of Health and Growth in English children from inner city areas 7 show that children of Indian subcontinent origin had lower weight-for-height compared with White children, whereas Afro-Caribbean children were slightly heavier for their height. In the Brazilian population, Mulattos have lower BMI than Whites, and the rural population lower BMI than the urban. 4 Comparing the 85th percentile of BMI among 17-yold Israeli males with that of the same age American males, shows that the Israeli 85th percentile is two BMI units lower than that of the US. 8 These ®ndings may be of great importance, since the US standard is commonly used as a reference in international clinical and epidemiological studies, despite the fact that one-third of young Americans are de®ned as obese. 9 Most studies use the 85th percentile cut-off point to identify obese individuals; thus, in order to make our ®ndings comparable with those of others, we used it in the current study as well.
The Israeli population is characterized by diverse ethnic subgroups, originating in Europe, America, North Africa and Asia, which differ with respect to traditional lifestyles and anthropometric characteristics. 10 Universal army recruitment in Israel and the routinely collected data from pre-induction clinical examinations (blood pressure, demographic and anthropometric measures), enables the evaluation of national (NR) and ethnic-speci®c (ER) weight references. In a previous study based on the same population, we found that overweight was associated with hypertension morbidity, 11 and a steep rise in hypertension at the BMI value of the 85th percentile (BMI 23.8) was observed. These ®ndings are strongly supported by those of others. 12 ± 16 It was also shown that the age-related association between BMI and blood pressure is stronger in children and young adults than in older adults of both sexes. 15 We therefore used the prevalence of hypertension as a marker of morbidity associated with overweight among late adolescents.
The objective of this study was to evaluate whether a single national reference (NR) is adequate to evaluate prevalence of overweight among 17-y-old subjects from heterogeneous, ethnic backgrounds, or whether ethnic-speci®c references (ER) are needed.
Materials and methods

Study population
All Jewish 17-y-old males in Israel are assessed for military service and must undergo routine physical and clinical examinations at induction centres, including measurements of height, weight and blood pressure. The study population includes consecutive cohorts of all Israeli 17-y-old males recruited over a relatively short period of years in the early 1980s (n 109,570). The use of medical data on army recruits for research purposes was conditioned on omission of the exact length of time of the recruitment period.
Ethnicity was de®ned by country of origin of the paternal line, that is the father's country of birth if foreign-born, or the origin of the paternal grandfather when the father was Israeli-born. In all, 19 ethnic groups were studied: Bulgaria, Egypt, Ethiopia, Germany, Hungary, India, Iran, Iraq, Libya, Morocco, Poland, Romania, Russia, Syria, Turkey, Tunisia, USA, Yemen, and at least three generations Israeliborn. Only 10% of the study population was foreignborn.
Relative weight
Weight and height were measured in the framework of medical examinations at induction centers using same standard scaling procedure. Examination of the reliability of the measuring device was done periodically. Extreme weight values were taken into consideration with respect to type of army service assignment, therefore precision of measurements was required.
Standing height, when barefoot, was measured to the nearest centimeter, using a ®xed stadiometer.
Reference BMI values
The NR was derived based on the BMI distribution of the total population of inductees, and the ER was developed for each of the 19 different ethnic origin populations.
Relative weight was calculated by body mass index (BMI weight (kg)aheight(m 2 ) using measurements of weight and height taken routinely at induction centers, as described above.
For the purpose of the current study subjects within the interval of 15 ± 85th percentile were considered as normal weight and subjects above this point were considered as overweight. Prevalence of overweight was evaluated by both references (NR and speci®c ER) using the 85% percentile as cut-off point. Since the current hypothesis was based on consideration of the ER as the most accurate reference, the determination of accuracy of the weight classi®cation was therefore contingent on the ethnic-speci®c percentile. Thus, inductees classi®ed as overweight by the NR and normal by the ER were de®ned as false positives, and the converse was de®ned as false negative. Subjects were considered true positive if they were categorized as overweight by both references and true negative if they were categorized as normal weight by both references.
Hypertension was de®ned according to the following criteria: diastolic blood pressure b 95 mmHg, systolic pressure b 150 mmHg; hypertension requiring continuous medical treatment or not receiving treatment but with a hypertensive response to ergometry.
Statistical analysis
BMI values at selected percentiles were evaluated for the total study population and for each ethnic group. To test for asymmetric distributions, the standardized score of the skewness measure of asymmetry was tested using the normal distribution.
The BMI distribution of each ethnic group was compared to that of the national distribution, and tested by the Kolmogorov ± Smirnov goodness-of-®t test for the degree of agreement between the BMI of a speci®c ethnic group as compared to the distribution of the reference population. Selected percentiles of each ethnic group were compared to the national ones using the quantile test. 17 Each BMI percentile in each ethnic group was tested for statistical signi®cance of its difference from the comparable percentile of the Body mass index in different ethnic groups A Lusky et al total population. To support the effectiveness of the ER for classifying individuals as overweight, the observed prevalence of hypertension among those who were classi®ed differently by NR and ER was compared to the hypertension prevalence among those classi®ed as normal or overweight by both references. Assuming that the number of subjects with hypertension had a Poisson distribution, 95% con®dence limits were calculated and the signi®cance of the difference between any two rates in each sub-population was assessed using appropriate contrasts in Poisson regression model. 18 All calculations were performed by Genmod Procedure in SAS 6.12 version.
Although the absolute numbers of hypertensives in the different categories were relatively low, it should be pointed out that we are dealing with complete populations (and not samples thereof). Conventional tests of statistical signi®cance were used as a rough and conservative indication of the extent of random variation.
Results
The distribution of the study population by ethnic groups, and BMI values at selected percentiles are presented in Table 1 . The BMI distributions of eight ethnic groups differed signi®cantly from the national distribution (P`0.01). Differences exist at most percentiles and are more evident at the upper ones. The normal weight for the total study population ranged from 18.4 to 23.8 BMI units, while among recruits from India it ranged from 17.0 to 21.8, and for those from Libya from 19.2 to 24.7.
Based on these ®ndings three sub-populations were de®ned by BMI level. Indians, Yemenites and Ethiopians, who comprised 8.8% of the total population, had BMI distributions that were shifted to the left of the NR. This group was de®ned as the light sub-population. Those from Hungary, Romania, Russia, Libya and Tunisia, comprising 24.8% of the total population, had BMI distributions shifted to the right, and were de®ned as the heavy sub-population. The BMI distribution of the remaining ethnic groups were similar to the 
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A Lusky et al NR and were considered the average sub-population (Figure 1 ).
Light sub-population
The 85th percentile was two BMI units lower for recruits from India and Ethiopia and one unit lower for Yemenites, as compared with the 85th percentile in the national reference group (P`0.05). If the NR was appropriate for classifying individuals of all ethnic groups, the expected prevalence of overweight would have been 15%. However, the prevalence of overweight for this group was 8%, and the remaining 7% of individuals were normal according to the NR and overweight by the ER. Table 2 shows the prevalence of hypertension among individuals classi®ed by both references. The hypertension rate was 3.1a1000 among those classi®ed as overweight by the ER and normal by the NR (false negatives). This rate was similar to that of the true positives, i.e. subjects de®ned as overweight by both references (3.7a1000), and higher than the rate among the true negatives, those classi®ed as normal weight by both references (0.7a1000).
Heavy sub-population
The opposite trend is observed for the heavy subpopulation. The 85th percentiles among Hungarian, Romanian, Russian, Libyan and Tunisian recruits were one BMI unit higher, as compared with the reference group (P`0.05). In this sub-population, individuals classi®ed based on the NR showed a prevalence of overweight of 19%. Four percent of them were overweight by the NR and normal by the ER, therefore were de®ned as false positives. Among the latter a low hypertension rate (2.7a1000) was observed, similar to that among true negatives (1.5a1000), and signi®cantly lower than the rate observed among individuals in the true positive category (10.8a1000).
Discussion
This study highlights ethnic differences in the BMI distribution of the Israeli male population in late adolescence, and supports the ®ndings of other Israeli studies. Kark et al 19 showed that, in Israel, boys of European origin remained taller over time and had the highest mean BMI, while those from India, Yemen and Ethiopia were shorter and leaner. A recent study by Laor et al, 20 comparing mean body height of Israeli birth cohorts from 1950 ± 1971, shows that although a reduction in height differences among ethnic groups over time is observed, differentials still exist.
We found similar ethnic variation in the birthweight distribution of Israeli infants of Asian and Moroccan origin, 21 suggesting a persistent association between ethnic origin and weight.
Ideally, overweight should be evaluated using more precise laboratory measures of adiposity or skinfold thickness. This type of information is almost impossible to achieve in large scale population studies such as the present one. Despite the controversy regarding the validity of using BMI to assess obesity in epidemiological studies, its validity has been shown to be highly accurate at the population level. 22, 23 The method of recording country of origin on the inductee's ®le is a potential limitation of this work. Only the country of origin of the paternal line was recorded, with no information on the mother's ethnic background. However, this could only obscure the observed differences between populations and may result in underestimation of the effect of ethnicity on anthropometric characteristics. In addition, we were unable to determine the number of generations of Israeli-born recruits in Israel. However, while most of the Indian and all of the Yemenite descendants in our study were native born, the latter for two or more generations, yet considerable disparity from the NR still persisted.
An issue raised in this report deals with the absolute or relative nature of overweight and the need to identify all overweight individuals. Weight measurements are objectively evaluated against national or international standard weight and height tables. According to these tables overweight is established and serves as basis for action. Using national or international references may result in misclassi®cation of individuals. Comparing the Israeli BMI distribution to that of the commonly used US reference, a considerably different BMI distribution has been found for 17-y-old males. 8 Differences were found primarily at the upper percentiles, where Israelis were lower by Signi®cant lower than the rate in the true positive category (P`0.05).
Body mass index in different ethnic groups A Lusky et al at least two BMI units. Our ®ndings further support the importance of using ethnic-speci®c references to evaluate the prevalence of overweight. If the NR is the only reference used, individuals belonging to the light or heavy sub-populations may be misclassi®ed.
The strength of this study is its reliance on virtually complete national cohorts of Jewish 17-y-old males of different ethnic backgrounds. Secular changes in BMI distribution are not expected to occur within this relatively short period of years.
Given the concern with obesity-related morbidity worldwide, the 3.1a1000 rate of hypertension found among those classi®ed as normal by the NR and overweight by the ER in the light sub-population may be of importance. On the other hand, 4% of the individuals in the heavy sub-population would be inappropriately considered as overweight. This study was not intended to be longitudinal, but may serve as baseline for a prospective follow-up morbidity study of these cohorts. Although hypertension is expected to be rare among healthy youngsters (and this explains the small number of cases which we found), the fact that the ®ndings are in the expected direction and this trend even reaches statistical signi®cance, further supports our contention.
Migration is a constant feature of the world scene, and the in¯uence of the ethnic weight differences may lead to under-or over-estimation of overweight in sub-populations. Our ®ndings do lend support to the usefulness of ethnic speci®c cut-off points to maximize the identi®cation of truly overweight individuals.
We conclude that in heterogeneous populations, ethnic references should be used to evaluate prevalence of overweight in young populations.
